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Abstract

Introduction: Autoinflammation and increase in free oxygen radicals due to
maternal familial mediterranean fever (FMF) may affect fetal lung maturation
and cause changes in fetal pulmonary artery Doppler parameters. We aimed to
investigatethe fetal pulmonaryarteryaccelerationtime/ejectiontime (PATET)
ratiointhe pregnancies complicated with familial mediterranean fever (FMF).
Methods: This cross-sectional study included 32 pregnant women with
FMF, and 64 gestational ages matched healthy pregnant women, betwe-
en the 29-30 gestational weeks. Maternal characteristics and fetal ultraso-
nographic information were recorded. Fetal pulmonary artery acceleration
time (AT) and ejection time (ET) were measured manually and PATET ratio
were calculated in the study groups. The duration of the disease and the AT
and PATET measurements were analyzed with the Pearson correlation test.
Results: The study groups were similar in terms of maternal characte-
ristics, gravidity, parity and gestational week at the time of examination.
AT and ET values were found to be significantly shorter and PATET (AT/
ET) was found to be significantly lower in pregnant women complica-
ted with FMF. A moderately significant negative correlation was found
between the time elapsed since FMF diagnosis and fetal pulmonary ar-
tery acceleration time. (r=-.566, p=.001) and PATET (r=-.533, p=.002)
Conclusion: This is the first study to investigate the fetal pulmo-
nary artery Doppler indices in the pregnancies with FMF. In the pre-
sented study, it was shown that FMF significantly shortened the fe-
tal pulmonary acceleration and ejection time and significantly reduced
the PATET ratio. In addition, as the time elapsed from the diagnosis of
the disease increased, it was shown that the shortening in AT and the
decrease in PATET were higher, with a significant moderate negati-
ve correlation between the duration of the disease and these values.
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Introduction

Familial Mediterranean Fever (FMF) is a ch-
ronic inflammatory disease manifested by recurrent
attacks of fever, neutrophil induced painful serosal
inflammations such as peritonitis, pericarditis, syno-
vitis and amyloid deposition in the kidneys.! FMF
with autosomal recessive inheritance is more com-
mon in certain populations such as Jewish, Armeni-
an, Arab and Turkish. FMF occurs in recurrent and
self-limiting episodes, with the first attack usually
in childhood or early adolescence. The diagnosis of
FMF is made under the age of five in approxima-
tely 60% of the patients and under the age of 20 in
90% of them.? It is caused by impaired pyrin prote-
in function due to mutations in the MEFV gene on
chromosome 16°. Disruption of this protein, which is
mostly expressed in neutrophils, causes an increase in
interleukin I(IL 1) and reactive oxygen species sec-
retions and excessive inflammatory response of body
itself.* The main cause of organ and tissue damage in
FMF is free oxygen radicals with increased secreti-
on from neutrophils. Subclinical inflammation, whi-
ch continues in silent periods between acute attacks,
may cause Amyloid-A accumulation called amyloi-
dosis in kidney, liver and cardiac tissues.’ Colchicine
is the treatment option that effectively prevents acute
attacks and amyloidosis triggered by subclinical inf-
lammation that continues between attacks in FMF.

Acute attacks in maternal FMF can complicate
pregnancy and cause obstetric and perinatal problems.
Peritonitis during acute attacks has been associated
with an increased rate of preterm birth, premature rup-
ture of membranes and cesarean section in FMF preg-
nancies.® In addition, complications such as fibrosis
and amyloidosis, which develop due to autoinflamma-
tion in FMF, may lead to mechanical obstruction in the
tuba uterine and difficulty in obtaining pregnancy. By
disrupting sperm and oocyte proliferation and preven-
ting implantation, the rate of recurrent pregnancy loss
also increased in pregnancies with FMF.” Colchicine
can also be used safely during pregnancy, significantly
reducing recurrent pregnancy loss and obstetric comp-
lications caused by acute attacks during pregnancy.®

Fetal lung development may be interrupted
and delayed by prematurity and many other mater-
nal or obstetric complications. Free oxygen radicals,
which also form the basis of the pathophysiology of
FMF, may cause damage to the pulmonary epitheli-
um and surfactant inactivation, thus disrupting fetal

lung maturation.’-'" Fetal lungs, which are the last
to complete their development, begin to form in the
embryonic period and continue to develop throu-
ghout pregnancy and even up to 8 years of age. As
the fetal lungs mature, pulmonary blood flow incre-
ases while the resistance in the pulmonary vessels
decreases in the later weeks of gestation'?,”® The-
refore, fetal pulmonary artery Doppler examinati-
on gives information about fetal lung maturation.

There are many studies investigating whet-
her fetal pulmonary artery Doppler may predict
neonatal respiratory distress syndrome (RDS)."-
7 Many tests have been developed to detect lung
maturity, but although they have been used in cli-
nical practice for many years, most of these are ti-
me-consuming, expensive, and invasive tests. Pul-
monary acceleration time/ejection time (PATET),
an alternative method to invasive techniques, is
a pulmonary artery Doppler parameter that can
show fetal lung maturation non-invasively.'¢,8-2

We hypothesized that autoinflammation and
increase in free oxygen radicals due to FMF may
affect fetal lung maturation and cause changes in
fetal pulmonary artery Doppler parameters. In the
presented study, we aimed to compare fetal pulmo-
nary artery acceleration/ejection time (PATET) in
pregnancies with FMF and in healthy pregnancies.

Material and Methods

The study in Cross Sectional design was
carried out between July 2022 and January 2023
in the maternal-fetal department. The study was
started after ethics committee approval from Me-
dical Research Ethical Department of Anka-
ra City Hospital (E2-22-2141). All participants
were informed and written consent was obtained.

Thirty-two pregnant women with FMF at
29-30 weeks of gestation and 64 randomly selected
healthy pregnant women whose gestational week
and maternal characteristics were matched with
the study group were included in our study. Preg-
nant women with fetal anomaly, fetal growth rest-
riction, preterm rupture of membranes, multiple
pregnancy, and all maternal diseases except FMF
were excluded from the study. Maternal characte-
ristics, gestational week at which ultrasonograp-
hy was performed, duration of FMF disease, drug
use information, and the number of attacks during
pregnancy were recorded according to the informa-
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tion obtained from the patient and hospital records.
Betamethasone treatment was administered after
ultrasonographic examination in required patients.
The patients included in the study were eva-

luated at 29 and 30 weeks of gestation and all the
ultrasonographic examinations were performed by
a single perinatology fellow with experience in fe-
tal ultrasound by using the 3-5 MHz convex ultra-
sound transducer of Voluson E8 (GE Healthcare,
Milwaukee, WI). After routine fetal biometric me-
asurements and fetal well-being were evaluated, the
right ventricular outflow tract, pulmonary valves
and pulmonary artery bifurcation were visualized in
the short axis view of the heart, in which there was
no fetal respiration and movement. By keeping the
insonation angle below 15 degrees, and setting the
sample interval to 3 mm, the Doppler precursor was
placed between the pulmonary valves and the bifur-
cation of the main pulmonary artery, and minimum
three optimal cardiac cycle waveforms were obta-
ined. Acceleration time (AT), defined as the time
from onset of ventricular systole to the peak flow
rate and ejection time (ET), defined as the time from
onset of the ventricular systole to the end, were me-
asured manually and PATET (AT/ET) was calcula-
ted (Figure 1). Measurements were obtained in three
separate waveforms and the average was recorded.

Figure 1: Measurement of the acceleration time and
ejection time of the fetal pulmonary artery with spect-
ral Doppler ultrasound
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Statistical Analysis

The sample size was analyzed by using the
G Power software ((version 3.1; Franz Foul, Uni-
versitat Kiel, Kiel, Germany) 21. A sample size of
32 patients in the case group and 64 control was
calculated with an effect size of 0.80 and p-value
of 0.05 (two-tailed) and a power of 95%. Statisti-
cal analyses were performed using Social Scien-
ces (SPSS), software version 17.0 (SPSS Inc,
Chicago, IL). Descriptive statistics were given as
mean =+ standard deviation for numerical data with
normal distribution or median (IQRs (Interquartile
Ranges)) values for numerical data that do not fol-
low a normal distribution. For comparing the valu-
es of two independent groups, the " Independent
t-test " for normal distribution variables and the
"Mann-Whitney U test" for non-normal distributi-
on variables were used. Distribution of the AT, ET
and PATET measurement between the groups was
shown with the error bar. Error bars indicate the
mean and 95% confidence interval of AT, ET and
PATET in study groups (Figure 2a, 2b and 2c).
The duration of the disease and the AT and PATET
measurements were analyzed with the Pearson
correlation test and were shown with Scatter Plot
(Figure 3a and 3b). In all analyses, an alfa level of
0.05 was considered significant.

Results

Thirty-two pregnant women with FMF
were included in the study group and 64 healthy
pregnant women were included in the control
group. The study groups were similar in terms
of maternal age, pre-pregnancy body mass index
(BMI), gravidity, parity and gestational week at
the time of examination. (Table 1).

AT and ET values were found to be signi-
ficantly shorter and PATET (AT/ET) was found to
be significantly lower in pregnant women compli-
cated with FMF (Table 1). The distributions of AT,
ET, and PATET measurements were also shown
with error bars (Figure 2a, 2b, and 2c¢). Error bars
indicate the mean and 95% confidence interval
of AT, ET and PATET in the study groups. The
mean duration of disease diagnosis was 9.8 years.
The number of patients with FMF who had an at-
tack during pregnancy was 4 (12.5%). There was
no patient who had more than one attack during
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pregnancy. Twenty-six pregnancies with FMF were
using hydroxychloroquine. There was no one using
corticosteroid therapy in patients who had an attack.

A moderately significant negative cor-
relation was found between the time elapsed
since FMF diagnosis and fetal pulmonary ar-
tery acceleration time. (r=-.566, p=.001) and
PATET (r=-.533, p=.002) (Figure 3a and 3b).

Table 1: Comparison of fetal pulmonary artery
Doppler indices of the all participants

FMF (n=32) Control group (n=64)  p value
Age (years) 31.1+5.6 30.5+4.2 574*
Gravidity 2(1-3) 1(1-2) 231t
Parity 0(0-1) 0(0-1) 129%
Abort 1(0-2) 0(0-1) 153t
Pre-pregnancy 24.9+3.4 25.542.7 .307*
BMI (kg/m?)
Gestational age at 30 (29-30) 30 (29-30) 775t
examination (Weeks)
Acceleration time 34.7+2.6 38.8+2.4 <.001*
(AT) (ms)
Ejection time (ET) (ms) 189.8+11 195.2+10.1 019*
AT/ET ratio 0.18+0.02 0.20+0.01 <.001*

Values are presented as mean# standard deviation
* Independent t-test
1+ Mann Whitney U test
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Figure 2a: Comparison of fetal pulmo-
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FMF and control group with error bar
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Figure 2c: Comparison of fetal pulmo-
nary artery PATET in pregnant women
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Discussion

FMF is a regional and rare disease encoun-
tered in certain populations. The effect of FMF on
pregnancy and perinatal outcomes has been investi-
gated in many studies 6,7. However, this is the first
study to investigate whether FMF affects fetal pul-
monary circulation and hence lung maturation. In the
presented study, it was shown that FMF significantly
shortened the fetal pulmonary acceleration and ejec-
tion time and significantly reduced the PATET ratio.
In addition, as the time elapsed from the diagnosis
of the disease increased, it was shown that the shor-
tening in AT and the decrease in PATET were hig-
her, with a significant moderate negative correlation
between the duration of the disease and these values.

Chaoui et al showed that blood flow and
resistance in the fetal pulmonary circulation have
been shown to change as pregnancy progresses and
with fetal lung maturation in the previous studies
22. With the maturation of the fetal lungs, reduc-
tion in pulmonary arterial pressure and increase in
blood flow have been demonstrated by the use of
conventional Doppler and has become an alternati-
ve method to invasive tests used to determine lung
maturation 12,13. It has been shown that the AT/
ET ratio increases as the gestational week progres-
ses, and it has been suggested that this was due to
fetal lung maturation and a decrease in pulmonary
artery resistance, thus prolonging the accelerati-
on time. 22. The relationship between pulmonary
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artery Doppler indices and amniotic fluid markers
showing fetal lung maturation was investigated, and
an inverse correlation only between the PATET ra-
tio and the lecithin/sphingomyelin ratio in amnio-
tic fluid was found. No significant correlation was
found with other indices of fetal pulmonary artery
Doppler and fetal lecithin/sphingomyelin ratio 14.

It is known that maternal chronic autoimmu-
ne diseases that cause subclinical inflammation in the
placenta are associated with an increased risk of fetal
growth retardation and early and late intrauterine de-
ath 23. Mononuclear infiltration due to autoimmune
diseases may cause placental villitis, chronic chorio-
amnionitis and/or chronic deciduitis. Intense inflam-
mation and free oxygen radicals in the placenta may
cause damage to fetal membranes and apoptosis in
trophoblasts, which may be associated with poor pe-
rinatal outcomes such as unexplained bleeding during
pregnancy, fetal growth restriction and fetal death 24.

Cytokines and free oxygen radicals due to
maternal infection and inflammation may affect fetal
pulmonary circulation. In a recent study investigating
the effects of autoimmune diseases such as maternal
systemic lupus erythematosus, Sjogren’s syndrome
and antiphospholipid antibody syndrome on the fe-
tal pulmonary circulation, it was shown that inflam-
mation significantly reduces the ratio of AT and AT/
ET in the fetal pulmonary artery 25. Fetal pulmo-
nary artery AT and PATET rates were significantly
lower in COVID-19 recovered pregnancies 26. In the
study examining the prediction of neonatal RDS of
fetal pulmonary artery Doppler parameters in preg-
nancies infected with COVID-19, fetal pulmonary
artery AT and PATET ratio were found to be signi-
ficantly lower in newborns admitted to the neonatal
intensive care unit (NICU) due to RDS 27. In the
presented study, although the shortening in AT was
more pronounced, we also observed a significant
shortening in ET. The shorter AT in the FMF group
was due to the high resistance in the fetal pulmonary
vessels, high pulmonary artery pressure, and dela-
ying fetal lung maturation by the inflammation. We
thought that the shortening in ET was due to the fact
that the inflammation in FMF may cause change in
systolic function in the fetal heart. It was also previ-
ously showed that maternal FMF can cause diastolic
and systolic function changes in the fetal heart 28.
The efficacy of fetal pulmonary artery PATET ra-
tio was investigated to predict neonatal respiratory
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complications in preterm prelabor rupture of memb-
ranes pregnancies, and it was found that PATET,
when the gestational age (confounding factor) was
adjusted, could not predict respiratory complicati-
ons 19. On the contrary, in the study investigating
the prediction of fetal pulmonary artery PATET va-
lue for neonatal RDS, a negative correlation was
shown with low PATET value indicating an inc-
rease in neonatal RDS 18. The PATET ratio was
found to be inversely proportional to the pulmonary
artery pressure in the fetal and adult periods and
low PATET values were found to reflect pulmonary
hypertension 29. In this study conducted in adults,
shortening of both AT and ET was observed as a
result of the change of pulmonary valve movements
in the presence of pulmonary hypertension, and
the PATET rate was also found to be significant-
ly lower in patients with pulmonary hypertension.
The most important limitation of our study is that
it was in a cross-sectional design, only one me-
asurement was made in the pregnant women inc-
luded in our study, they did not have repeated
examinations, and the obtained data were not as-
sociated with perinatal and neonatal outcomes.
Longitudinal studies in which ultrasonographic
data are associated with perinatal outcomes, with
larger populations of patients in a prospective de-
sign will provide more information on this issue.

Conclusion

This is the first study to investigate the effect
of maternal FMF on fetal pulmonary artery Dopp-
ler. FMF may affect the fetal pulmonary artery blo-
od flow with the inflammatory environment it crea-
tes and the excess free oxygen radicals secreted. It
should be kept in mind that maternal FMF, which
causes shorter fetal pulmonary artery AT and ET,
and lower PATET rate, may disrupt in the matura-
tion of the fetal pulmonary vascular bed, and hence
increase fetal pulmonary morbidity and mortality.
Fetal pulmonary artery Doppler evaluation is a no-
ninvasive and easily applicable method that shows
the maturation of the pulmonary vascular bed and
fetal lung. Clinical use of fetal pulmonary artery
Doppler with other Doppler modalities and biophy-
sical profile may provide additional benefit in pre-
dicting perinatal outcomes and taking precautions.
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